Background: Limited information is available regarding migraine in patients with atrial septal defect (ASD), and the clinical effects of transcatheter closure are controversial. We aimed to demonstrate the clinical features of migraine in patients with ASD compared with those in patients with patent foramen ovale (PFO) and evaluate the impact of transcatheter closure. Methods: We investigated the prevalence of migraine in 68 patients with ASD and 27 patients with PFO who underwent transcatheter closure. Migraine prevalence, frequency, and severity were evaluated before and after the procedure. Results: Twenty patients (29%) with ASD and 15 patients (56%) with PFO suffered from migraine. Characteristics such as migraine frequency and severity and incidence of aura were not different between the ASD and PFO patients. Among the 20 ASD patients, migraine disappeared in 10 (50%) and improved in 7 (35%) patients after a mean follow-up of 20 ± 8 months. Among the 15 PFO patients, migraine disappeared in 11 (73%) and improved in 3 (20%) patients. Conclusions: Approximately 30% of patients with ASD experience migraine. The improvement in migraine after transcatheter closure is observed in the majority of those with ASD, similar to the rate of patients with PFO with improvement. These findings suggest that transcatheter closure may be beneficial for migraine in patients with atrial communication.
Introduction
Migraine is a common, recurrent, and potentially disabling headache. The prevalence of migraine in the overall population is 10-12%, 6% in males and 15-18% in females [1] . Although the pathophysiology of migraine is not fully understood, a causal relationship between migraine and right-to-left communication has been proposed. In particular, patent foramen ovale (PFO) has been associated with an increase in the prevalence of migraine [2] [3] [4] . Transcatheter PFO , Koji Nakagawa, MD 1 closure seems to be associated with the improvements in migraine prevalence and severity [2, 3, [5] [6] [7] .
Resolution of Migraine After Transcatheter
Atrial septal defect (ASD) is characterized by a predominant left-to-right communication, but the occurrence of right-to-left communication is detected during a Valsalva maneuver or exercise [8] . Therefore, some patients with ASD may suffer from migraine, and transcatheter closure may contribute to migraine improvement. However, limited information is available regarding migraine in patients with ASD [9] [10] [11] . This study aimed to evaluate the prevalence of migraine and the effect of transcatheter closure on migraine in patients with ASD, compared with those in patients with PFO.
Methods

Study Population
We investigated 68 consecutive patients with ASD who underwent transcatheter closure between December 2012 and November 2014; specifically, we assessed the prevalence rates of migraine before and after the procedure. Twenty-seven consecutive patients with PFO who underwent transcatheter closure for the secondary prevention of cerebral ischemia between March 2007 and November 2014 were also included. Transcatheter ASD closure was performed for a significant left-to-right communication and/or clinical symptoms of heart failure or cerebral ischemia. All patients gave written informed consent for the procedure. The study was approved by our institution's ethical committee.
Echocardiographic Assessment
Atrial communication was diagnosed by transesophageal echocardiography. For PFO detection, agitated saline contrast injection (aerated saline solution) was administered via the antecubital vein with and without the Valsalva maneuver. PFO was defined as a flap-like opening in the atrial septum secundum, with the septum primum serving as a one-way valve allowing for permanent or transient right-to-left communication. PFO diameter was obtained by measuring the maximum opening of the PFO in the end-diastolic frames. Atrial septal aneurysm was defined as an aneurysm with a base diameter ≥15 mm and an excursion of the septum ≥10 mm [12] .
Transcatheter Closure of Atrial Communication
Transcatheter closure of atrial communication was performed as described previously under the guidance of transesophageal echocardiography and/or intracardiac echocardiography [13, 14] . The Amplatzer Septal Occluder, Amplatzer Cribriform, and Amplatzer PFO Occluder (St. Jude Medical, St. Paul, MN, USA) were used. All patients received 100 mg/day aspirin 48 h before the procedure, which was continued for 6 months after the procedure. Clopidogrel was administered at a dose of 75 mg/day for 1 month after the procedure.
Migraine Evaluation
Migraine was diagnosed by independent neurologists according to the criteria of the International Headache Society [15] . Migraine prevalence, frequency, severity, and medications were evaluated at baseline, 3 months, and >6 months after the procedure. Severity was estimated according to three-grade scale: none-mild (not interfering with usual activity), moderate (interfering with usual activity), or severe (confined to bed). Follow-up comprised a combined cardiologic and neurologic visit or a telephone interview. Postprocedural changes in migraine were classified into four groups according to migraine frequency and severity of migraine: disappeared (complete disappearance), improved (≥50% decrease in frequency and ≥1-grade decrease in severity), no change (<50% change in frequency or no change in severity), or worsening (≥50% increase in frequency and ≥1-grade increase in severity).
Statistical Analysis
Data are presented as mean ± standard deviation for continuous variables and as number and percentage for categorical variables. Significant differences between two groups were analyzed using the t test or Mann-Whitney U test for continuous variables and the X 2 test for categorical variables. Differences between baseline and follow-up in each group were analyzed by the paired t test and Wilcoxon signed-rank test. Statistical analysis was performed with JMP version 8.0 (SAS Institute Inc., Cary, NC, USA), and significance was defined as p < 0.05.
Results
Characteristics
Characteristics in patients with ASD and PFO are shown in Table 1 . Patients with ASD were older than those with PFO. The frequency of atrial septal aneurysm was higher in patients with PFO than those with ASD. There were no significant differences in comorbidities between the two groups except for cerebral ischemia. Transcatheter closure of ASD or PFO was successfully performed in all patients without procedural complications. Among the patients with ASD, the Amplatzer Septal Occluder was used in 66 patients and the Amplatzer Cribriform in 2 patients. Among the patients with PFO, the Amplatzer PFO Occluder,
Migraine Prevalence
Twenty (29%) of 68 patients with ASD suffered from migraine, including 12 patients with migraine with aura. Fifteen (56%) of 27 patients with PFO suffered from migraine, including 8 patients with migraine with aura. The prevalence of migraine was lower in patients with ASD than in those with PFO (Table 1) . Migraine characteristics such as the frequency, severity, incidence of aura, and the need for medications were not different between the 20 patients with ASD and the 15 patients with PFO (Table 2) .
Short-Term Effect of Transcatheter Closure on Migraine
Among the 20 patients with ASD, migraine had disappeared in 10 (50%) patients and improved in 8 (40%) patients 3 months after the procedure. Among the 15 patients with PFO, migraine disappeared in 9 (60%) patients and improved in 5 (33%) patients (Figure 1 ).
Mid-Term Effect of Transcatheter Closure on Migraine
Among the 20 patients with ASD, migraine disappeared in 9 (45%) patients and improved in 7 (35%) patients at a mean follow-up of 20 ± 8 months after the procedure. Among the 15 patients with PFO, migraine disappeared in 11 (73%) patients and improved in 3 (20%) patients at a mean follow-up of 44 ± 29 months (Figure 2 ). No patients with ASD or PFO experienced worsening of migraine after the procedure. New-onset migraine was not observed in patients without migraine.
The frequency of migraine decreased significantly at the last follow-up in patients with ASD (2.8 ± 3.3 to 0.6 ± 0.8 times/month, p = 0.008) and Data are presented as mean ± standard deviation or n (%). ASD = atrial septal defect; PFO = patent foramen ovale. Data are presented as mean ± standard deviation or n (%). ASD = atrial septal defect; PFO = patent foramen ovale.
and PFO groups; and 3) improvement in migraine after transcatheter closure was observed in the majority of patients with ASD, similar to those with PFO. Although the pathophysiology of migraine is unclear, the presence of PFO is thought to be a potent trigger of migraine. Normally, trigger substances in the venous circulation will be filtered in the lungs. However, PFO may allow vasoactive chemicals or microemboli to bypass the lungs through right-toleft communication and reach the cerebral circulation, leading to migraine [16, 17] . This hypothesis is enforced by improvements in migraine prevalence and severity after PFO closure [2, 3, [5] [6] [7] . In contrast with PFO, ASD is mainly characterized by a left-to-right communication. However, during a Valsalva maneuver or exercise, a right-to-left communication can be detected with contrast echocardiography in patients with ASD [8] . Because this communication permits bypass of the lung filter, ASD may be also associated with migraine; however, little is known about migraine in this population [9] [10] [11] 18] .
In the present study, the prevalence of migraine was lower in patients with ASD compared to those with PFO, but approximately 30% experienced migraine. This improved after transcatheter closure in 16 (80%) of the 20 patients with ASD, including 9 patients with complete disappearance. The benefit of transcatheter closure on migraine was similar in patients with ASD and PFO. Our findings suggest that ASD is associated with migraine and that transcatheter closure may be beneficial for migraine in patients with atrial communication.
There are some limitations in the present study. First, we included a small number of patients, and the follow-up period was short. Larger trials are required to confirm our findings. Second, we did not include a control group. Migraine is known to have a placebo response rate of 20-30%. However, the improvement rate of migraine in the present study was higher than the accepted placebo response rate [19] . Third, antiplatelet therapy might modify migraine prevalence, frequency, and severity [20] . However, aspirin was administered for 6 months and clopidogrel for 1 month. The improvement in migraine was evalthose with PFO (4.1 ± 4.7 to 0.2 ± 0.6 times/month, p = 0.004) (Figure 3 ). Migraine severity decreased at last follow-up in 11 (92%) of 12 patients with ASD and 11 (92%) of 12 patients with PFO who had moderate or severe migraine at baseline (Figure 4) . Among those who used medications for migraine at baseline, they were not required in 8 (67%) of the 12 patients with ASD and 7 (88%) of the 8 patients with PFO.
Discussion
The major findings of the present study are as follows: 1) the prevalence of migraine was lower in patients with ASD than those with PFO but still affected approximately 30% of ASD patients; 2) migraine characteristics were similar in the ASD uated when these medications were not given. Fourth, the timing of transcatheter closure and the follow-up period differed between the ASD and PFO group. Finally, there was a selection bias as we only included patients who underwent transcatheter closure.
Conclusions
Approximately 30% of patients with ASD experience migraine, the characteristics of which are similar in ASD and PFO. An improvement in headache after transcatheter closure was observed in the majority of patients with ASD, similar to those with PFO. These findings suggest that PFO and ASD are both associated with migraine, and transcatheter closure may be beneficial for migraine in patients with atrial communication.
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